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INTRODUCTION 
As a principal means of herd replacement and expansion, the 
dairy calf is vital to the success of a dairy enterprise. High 
mortality rates among dairy calves, frequently as high as twenty 
percent (7), are very costly to the dairyman. Besides paying the 
high cost of losing a calf, the dairyman must find a replacement 
for the animal. Obtaining a herd animal from outside sources involves 
the risk that the replacement may be of lower quality than was the 
lost calf. Through careful selection of animals and a well planned 
breeding program, a good farm manager will find raising his own 
replacement stock represents one of the most economical systems of 
maintaining his herd and assuring the quality and production level 
necessary for a profitable operation. The greater the number of 
calves raised, the more extensive the herd culling program can be. 
Male calves are also valuable to the dairy enterprise. They 
are essential for breeding purposes. Many dairymen are raising male 
stock as beef feeders to provide added income for the enterprise. 
Calf mortality rates can be reduced with good management 
including proper housing. At the present time many dairymen neglect 
calf housing by keeping their calves in whatever structure is 
available. The animals suffer from lack of space, poor ventilation, 
damp living conditions, chilling drafts, and possibly poor feed 
rations. 
2 
Well managed dairy enterprises include planned housing for 
calves. This may be in an existing structure or in a structure 
designed and built especially for calves. Either structure generally 
includes sufficient space and ventilation and controls moisture 
level and drafts. Good housing usually includes individual pens 
with bedded floors or slotted floors for young calves and bedded 
group pens for older calves. The structures can be heated or cold, 
but drafts must be controlled. 
At present, success in free stall housing of mature animals, 
primarily milk cows, has led to the use of free stalls for housing 
dairy calves. The use of free stalls for dairy calf housing, when 
combined with good management practices, has frequently cut the 
mortality rate to less than one percent (14) . 
Free stalls are a compromise between the stalls of a stanchion 
unit and_ the freedom of action found in loose housing. According to 
,Durland and Lubinus (9) , "These stalls are separate be-dded compart­
ments which the dairy animals can enter. or leave at will." The use 
of these types of stalls for dairy calves has led to several questions 
regarding the design of the stalls. Stall size is usually based on 
animal size; however, in the case of calf stalls, little has been 
done to determine the proper stall width. Slatted floors are 
popular, but it is not known whether expanded steel mesh screen or 
wood slats are best for the animal. 
3 
It has not been definitely determined that calves consistently 
lie in the free stalls rather than in the alleyway behind the stalls. 
Appearance of the bedding indicates activity in the stalls, but this 
may have been due to calves standing in the stalls. 
Although most existing combinations of stall sizes and floors 
·are practical, a primary consideration in their selection should be 
the size and type which the calves would use most readily. Calves' 
use of stalls can be studied in two ways. Human observers could 
watch the calves continually, but this procedure would be expensive 
and tedious and could alter calf behavior. The second method of 
studying the animal behavior is the use of continuous time-lapse 
photography observation. A camera, once set up, would be simple to 
maintain and would not cause a disturbance. 
Time-lapse photography is the continuous taking of pictures at 
predetermined intervals (from a fraction of a second to several 
;minutes or hours) . This is usually done with a motion picture 
camera. If the photography is done to·record data, as with stall 
use, the films are analyzed one frame at a time. 
The lack of information regarding animal behavior can largely 
be attributed to a lack of a suitable method of studying the 
animals. Time-lapse photography provides the necessary means to 
monitor animals' actions for behavior studies. The use of time­
lapse photography for domestic animal behavior studies is relatively 
unexplored. A suitable equipment system and photography technique 
could be invaluable in studies to determine the habits, movements, 
and characteristics of animals. 
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PURPOSE AND OBJECTIVES 
The optimum size-and type of free stalls for dairy calves became 
an important concern to farmers as the use of free stalls increased. 
Dairy Extension men are continually receiving questions about this 
from South Dakota dairymen. The purpose of this study was to determine 
the most suitable size and type of free stalls for dairy calves 
ranging in weight from 150 pounds to 350 pounds through the use of 
a time-lapse photography monitoring system. 
The time-lapse photography technique used was to develop a tool 
for further research into animal behavior, primarily animal behavior 
inside farm structures .  
This study did not take into account the effect of continuous 
lighting on the behavior of the calves studied. Information was 
meager concerning the effect of continuous lighting. ·A complete 
�eparate study would be needed to determine whether or not continuous 
lighting significantly altered the animals' behavior. It was the 
opinion of the author and his advisor that the effect of continuous 
lighting was minimized in this study by providing the same lighting 
over all stalls studied. 
The objectives of this study were: 
1. To evaluate stall variables (widths of stalls and stall 
floor types) on the basis of calf use. 
2. To develop a time-lapse photography technique to monitor 
animal behavior in farm structures, in this case, calves' 
use of free stails. 
3 .  To determine whether or not studies could be run 
during night (dark) hours only to conserve film and 
-to lengthen filmed-time capabilities without loss of 
relevant data. 
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REVIEW OF LITERATURE 
Although free stalls are now connnonly used for calves in the 
dairy enterprise, there is little research regarding their use . No 
evidence of any basic research can be found . Studies of dairy 
cattle behavior in free stalls, however, were available. 
·Behavior Studies of Dairy� 
In 1966 Albright and others (3) reported on a study conducted 
at Purdue University, Lafayette, Indiana . In this study they 
reported that forty-four Holstein cows were housed in a divided shed 
with twenty cows in free stalls and twenty-four cows _in a loose 
housing arrangement . After seven months the electric fence dividing 
the two units was removed allowing all the cattle free choice of a 
unit . Stall use and preference observations were made thirty times 
weekly. Three other 24-hour observation periods were studied . 
1 Fourteen observations to check the continued use of stalls were made 
without the fence . The cows were checked to see if they preferred 
stalls.facing a wall or stalls facing the loose housing. Results 
were approximately equal . Several other tests were made strictly 
to determine actions of the animals when they were housed in this 
manner. 
Henderson and others (12) in 1957 compared comfort stalls to 
tie-chain stalls for cows. This study was made to determine the 
significant differences in lying-down time, injuries, milk 
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production, cleanliness, and incidence of mastitis for Holstein cows 
kept in the two types of stalls. Lying-down time (the portion of 
the experiment of interest here) was measured.by thermocouples and 
a recording potentiometer. 
Early Time-Lapse Photography Studies of Small Animals 
In 1959 Pearson (16) recorded vertebrate traffic in mouse 
runways. The photographic recording unit was triggered when the 
animals moved across a treadle arrangement which also activated 
the electronic flash-lights. From the subjects' actions and 
various instruments shown in the photographs, the researcher was 
able to determine animal species, direction of travel; time, 
temperature, and relative humidity. 
Dodge and Snyder (8) in 1960 reported a system �or recording 
wildlife behavior which was used by Abbott and Dodge (1) in 1961 to 
observe destruction of white pine seeds by small animals and birds. 
A Paillard Bolex 16 nun. camera with f/1. 9 lens was used with a 
flash synchronization mechanism. The electronic flash gun was a 
U. S. Camera Corporation Model Number 6550 . The triggering device 
was a photoelectric circuit {electric eye) activated by the subject. 
In 1965 Cowardin and Ashe (4) used a 35 nun. Yashica Sequelle 
camera to record waterfowl use of several different areas of water 
involving various types of habitat . The inexpensive unit was 
triggered at fifteen-minute intervals by a timing device designed 
by the researchers. Three of these units were operated one summer 
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during daylight hours for three days per week. The individual units 
were battery operated and could be left unattended for the length 
of one film. 
Adams and Winkler (2) in 1968 developed a wildlife photography 
system which used a photoelectric circuit to trigger a 16 nnn. Bell 
and Howell M 70 camera. Light to photograph skunks, racoons, and 
other small animals was provided by four 100-watt aircraft landing 
lights which came on an instant before the camera was triggered. 
Time-Lapse Studies of Dairy Cattle 
In 1965 Harshbarger and others (11) used a 16 nnn. Bell and 
Howell DL 70 camera to record feed data for dairy cows . A feed stall 
was constructed in a test shed with watering and feeding equipment 
at the front of the stall. Triggering of the camera was achieved 
by a cow stepping on a switch mat (treadle) at the front of the 
stall. One picture was taken when a cow's weight was placed on the 
treadle, and another picture was taken when the animal moved off 
the treadle. Several time and weight indicating devices were shown 
in the lower portion of.each movie frame, and a nearly full length 
side view of the cow (for identification purposes) was shown in the 
upper portion . From the photographs the researchers were able to 
obtain feeding data for cows fed on a proportioning water-concentrate­
mixture dairy feeder and to study the effectiveness of automatically 
feeding concentrate mixture to lactating dairy cows on the basis of 
their water consumption. 
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Continuous lighting was provided by three 200-watt incandescent 
lamps and two 150-watt flood lamps. The film used was Tri-X reversal 
movie film with ASA 160. The camera shutter speed was 1/50 second, 
and the lens opening was f/4. The processed films were analyzed by 
projecting them on a screen using a Kodak Analyst projector to show 
single frames. 
Rutter (17) in 1968 reported outdoor studies of behavior 
responses of dairy heifers to weather. The Kodachrome II color films 
were taken at one-minute intervals from before dawn to after dusk. 
The camera was a Bolex S 1 unit taking 8 nnn. reversal films. A 
Spectra Analysis Projector MK 2 was used for reviewing films. No 
artificial light was needed. 
Individual frames were exposed at a rate of one per minute . 
Each included a record of date and time as well as a view of the 
pasture and animals. The camera was positioned on an anemograph 
tower at the edge of the pasture . 
EXPERIMENTAL VARIABLES 
Controlled Test Variables 
The design of the shed in which this experiment was conducted 
included the arrangement of three test variables: slatted stall 
floors, stall size (width) , and stall bedding. These were placed 
in the building as shown in Figure 1. 
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The two rows of stalls in the shea were separated by a concrete 
alley. 
The floor types studied were slatted, screen, and sand. The 
slat-floored stalls had solid plywood floors on the front portion of 
the stalls and l"x4" slats, with one-inch spaces, in the rear of the 
stalls. The screen-floored stalls had solid plywood floor on the 
front portion of the stalls, and the expanded steel mesh screen was 
placed in the rear of the stalls. The screen was reinforced with 
l"x4" boards spaced under the screen. The slatted and screen floors 
are shown in Figure 2 (east side of the shed) . The sand floor was 
held in place by a 6" concrete curb ac�oss the rear of the stalls. 
The area in front of the curb was filled to within 2" of the top 
with sand and filled from there to the top with sawdust. These 
stalls, with the sawdust in place, can be seen in Figure 3. 
To find the stall width which the calves preferred, the stalls 
in the west side of the building (side one) were built in widths of 
18", 22", and 26". These stall widths are illustrated in Figure 3. 
The various positions of these stalls are shown in Figure 1. 
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Figure 3. Various Widths of West Stalls 
The third test variable, bedding, included straw in the east 
stalls and sawdust in the west stalls . Straw was essential on the 
screen and slats, since sawdust would filter through the openings 
and be lost . Either straw or sawdust could have been used on the 
sand base on the west side. 
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Consultation with a statistician during the tests revealed that, 
.due to equipment limitations and interference of uncontrolled 
variables, the comparisons of the sand floor with the screen and 
slat floors and of straw with sawdust was not valid. The omission 
of these comparisons of the two sides of the shed is explained 
further in Procedure. 
Other Variables 
The number of calves in the test group varied . The calves used 
were raised in individual hutches for six to eight weeks. When they 
weighed 150 pounds, they were moved to the free stall group . While 
in the free stall unit, the calves were weighed weekly. When their 
weight reached 350 pounds + 10 pounds, the calves were removed from 
the free stalls . 
One remaining variable, weather conditions, changed continually 
throughout the experiment and could not be controlled . 
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APPARATUS AND EQUIPMENT 
Film Making 
The camera used for this study was a Paillard Bolex H 16 Rex 4 
movie camera which has a standard single frame exposure feature . 
This 16 nnn .  camera was selected in preference to a 35 mm. still unit 
for several reasons. Motion picture frames can be used less 
expensively (about 1/4 cent per frame) than 35 mm. shots (about 2 
cents per shot, unprinted) . Connnon 16 nun .  motion picture cameras 
are made to use one hundred foot rolls of film. With forty frames 
per foot this gives about four thousand frames per roll, a consider­
ably higher number of shots available than with a 35 mm. still unit . 
The large number of frames permits long filming runs without film 
changes. A relatively short time interval between pictures is also 
possible. 
The lens used in this study was a Switar 10 nun. f/1. 6 wide angle 
unit with 52°x38° field of view . This lens gave the widest field of 
those catalogued by the Paillard Corpor�tion. The lens was set at 
f/2 and focused at infinity . A Bolex Unimotor drive unit was used to 
p:r:ovide continuous came.ra operation capabilities. The camera with 
lens and Unimotor is shown in Figure 4. A Bolex transformer decreased 
the voltage for the Unimotor. 
The film used for the study was Kodak 4-X (black and white) 
reversal with ASA 340 (indoors) . This was the fastest connnercial 
film available locally . 
Figure 4. Camera, Unimotor, and 
Solenoid Used in Study 
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The camera was operated by a Samenco (Sample Engineering Company) 
solenoid unit. This was activated by the time control, a Samenco 
Movie Control, Model MC-5H25. The timer had available time settings 
of 1 second, 2 seconds, 4 seconds, and infinite from 7 seconds to 
25 minutes. It was designed to activate flood lamps an instant before 
the solenoid was triggered . Using continuous lighting, this procedure 
worked well with the Unimotor plugged into the flood lamp socket. 
The motor started just before the picture was taken and shut off 
after the picture was taken. 
The camera, transformer, and timer were housed in a box (Figure 5) 
made with 1/2" plywood and insulated with one-inch s�yrofoam insula­
tion (Figure 6) . To insure consistent equipment and film performance, 
the box was heated by two 100-watt incandescent light bulbs. The 
temperature was held near 50° F. by a thermostat in the light-bulb 
circuit. The box was fixed to the wall in the corners of the building 
,by three 5/16" carriage bolts. The front sides of the box were hinged 
to provide access for maintenance. The pins in the hinges could be 
removed. To protect the equipment, the doors were padlocked when 
the equipment was not being serviced. The top of the box was held 
in place by small hooks at each of the three back corners (Figure 6) . 
The top could be removed with one door open by releasing the hooks 
and lifting the top out. 
Support for the camera was provided by the top portion of a 
Caesar Manufacturing, Incorporated, tripod, as shown in Figure 6. 
Figure 5 .  Outside View of Photography 
Equipment Box 
19 
Figure .6. Inside View of Photography 
Equipment Box with Equipment 
in Place 
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This tripod head was clamped to a bracket which permitted turning 
the head. The bracket was bolted to a slotted plate on which it 
could rotate a short distance with the center of the camera lens as 
the center of radius . The slotted plate was welded to a support 
frame which could be moved up or down by moving the nuts of the 
ready-bolts holding it. The ready-bolts were, in turn, fastened to 
. 11u•r brackets on the sides of the box. 
To protect the photography equipment box from the calves, the 
entrance to the two stalls over which the box hung was barricaded by 
two 1-inch boards. They were removed when the box was moved to the 
adjacent corner of the building. 
Continuous light for the photographs was provided by six 75-watt 
incandescent lamps . These were positioned over the stalls with three 
on each side. Galvanized sheet metal was bent and nailed to the 
building. frame between the lights and camera to serve as light baffles. 
No reflectors were used . The lamps are shown in Figure 7. 
The time reference for the pictures was provided by a common 
twelve-inch clock with second hand. This clock was moved when the 
camera was moved; therefore, only one clock was needed . 
The pictures were taken in a 20' x 24 1 calf shed . The shed was 
constructed with rigid frames sheathed with corrugated roofing and 
corrugated siding on plywood . No additional insulation was used. 
A large door on the south end of the shed (Figure 8) served as calf 
entrance and cleaning access. The opening was covered with plywood 
figure 1
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Figure 8.  Exterior View of South and East Sides 
of Calf Shed Used in Study 
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on the top half and canvas hanging below. A standard one-piece 
walk-in door was provided in the north end (Figure 9) . Inside the 
one-piece door was a half door to hold calves in the building 
should the full-length door later be left open for sunnner ventilation. 
A large lot surrounded the shed on all sides except on the 
north. Two feeding bunks and waterers were provided in the lot. 
The calves could pass freely from shed to lot and back through the 
south shed door. 
The shed and lot were a part of the South Dakota State University 
Dairy Research and Production Unit located 2 1/2 miles north of 
Brookings on U. S. Highway 77. 
Film Reading 
It was necessary that the unit used in extracting data from the 
films show individual frames and advance individual frames. Three 
units were tested to find a suitable viewer. 
The first unit tried was a Victor Animatophone, Type 60B, 
shown in Figure 10. This was an early model 16 nnn. projector. With 
the projector stopped, the projection lamp was hot enough to burn 
the film; therefore, the lamp circuit was altered to include a 
rheostat. The film was not harmed with the voltage decreased by 
the rheostat from 120 volts to 90 volts. 
This unit could be advanced one frame at a time by manually 
turning an advance knob. The knob was not easily accessible and 
operation was tedious. For that reason this unit was rejected. 
Figure 9. Exterior View of North and East Sides 
of Calf Shed Used in Study 
25 
Figure 10. Victor Projector with Rheostat Used 
in Early Film Analysis Attempts 
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The second unit was a Bell and Howell Filmosound Autoload 
Specialist projector, shown in Figure 11. It had the "stop rr feature 
but could not be advanced by individual frames. It was advanced by 
throwing the "stop-run" switch from "stop" to "run" and back to 
"stop". This advanced the film about five frames; hence, there was 
the possibility of missing detail in the skipped frames. This 
. projector was consequently rejected in favor of the next unit to 
be described. 
A Kodak Recordak film reader was selected as the reviewing unit. 
It was designed for 35 nnn. microfilm and had a screen area developed 
for this larger film. The larger projection area made it possible 
to view several consecutive 16 nm. frames at the same time. This 
greatly simplified the task of studying films and provided excellent 
continuity between frames. The reader is shown in Figure 12. 
Figure 11. Bell and Howell Projector with 
Stop Action Switch Used in 
Early Film Analysis Attempts 
28 
Figure 12. Microfilm Reader Used in 
Time-Lapse Film Analysis 
29 
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PROCEDURE 
Time-lapse pictures were made with a one-minute interval between 
frames. The test pictures indicated that no significant detail was 
missed in that length of time. The actions of the animals were not 
abrupt enough to escape detection in the one-minute period. One 
hundred foot rolls of film were used. With forty frames per foot 
of film and sixty frames exposed per hour, one film monitored a test 
period of approximately sixty-seven hours. 
Since each film lasted nearly three days, it was decided to 
expose two films per week. This permitted the exposing of one film 
over the weekend and the exposing of the other during the week. One 
day each week was reserved for equipment repairs, alterations, and 
adjustments. 
The camera lens angle was sufficiently wide to photograph ten 
stalls on one side of the shed. Thus, with twelve stalls per side, 
the two stalls on the south end of each side were omitted from this 
study. Each time the film was changed, the photography equipment 
box was moved to the adjacent south-end corner. Each side of the 
shed was then photographed on alternate films. Figure 13 shows the 
alternating camera positions and the omitted stalls. Due to the 
different conditions (uncontrollable variables) from one film to 
the next, as was mentioned in Experimental Variables, a comparison 
of test variables on opposite sides of the shed was invalid. 
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It was arbitrarily decided to expose a total of twelve data 
films or six films_ per side of the shed. The films were exposed 
between January 6, 1969, and March 10, 1969. Breaks in the filming 
period were due to equipment modifications, exposing of test films, 
and time lost in processing of films needed to check settings. 
The procedure for making the �ime-lapse films is described 
below. The steps given assume that the unit was already in operation 
and was ready for a film change. 
1. The one-inch board barricades were removed from the 
front of the two stalls over which the box hung. The 
boards were saved for reuse. 
2. The box was opened and the camera footage meter checked 
to see that the film was completely exposed. If the 
film was completed, the camera was run momentarily to 
insure that the film was entirely on the camera take-up 
reel. If the film was not completed, the equipment was 
checked to determine why it was not finished. When the 
trouble was found and corrected, the film was removed 
and discarded. If the film had not started or still 
had nearly three days' length remaining, it was left 
in the camera, and photographing continued. 
3. With the shed lights off and the inside of the box 
shielded as well as possible from other light sources, 
the camera was opened and the film removed and placed 
in the original can. 
4. With the inside of the equipment box still shielded from 
direct light, a new film was inserted into the camera, 
and the camera was operated for a few seconds. 
5. The box was moved to the adjacent south-end corner of 
the shed. 
6. The clock was moved to the appropriate position facing 
the camera. 
7. The box top was removed. The camera was aimed by looking 
through the viewfinder, making adjustments on the tripod­
head stand, and checking the left door of the box to 
insure that the lens lined up correctly �ith the hole 
provided. In order to see through the viewfinder, the 
operator had to stand on the stall partitions and 
maneuver his head into position upside-down behind the 
. viewfinder . The camera had to be aimed to show the 
reference clock as well as all ten of the stalls under 
consideration. 
8. The switches of the timer were set so that the operator 
could trigger the camera manually. The camera was then 
triggered several times to check parts alignment and 
general operation. When it was performing to the 
operator' s satisfaction, the switches were set for 
automatic operation . Proper switch position was 
indicated on pieces of masking tape placed below the 
switches. 
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9. The camera was briefly set for continuous operation to run 
film through the camera until the film footage counter 
was set at zero. The camera was then set for automatic 
timer-controlled operation. 
10. The camera frame counter was hand-turned to zero. This 
counter provided an additional check on the continuous 
operation of the unit. 
11. The timer and camera settings were rechecked. 
12. The box heat bulbs were checked and replaced if necessary. 
13. The top was placed on the box, and the doors were 
closed and locked. 
14. The one-inch board stall barricades were nailed in 
place over the entrance to the stalls above which the 
camera box hung. 
15. The shed lights were checked for burned out bulbs. 
These were replaced. On days when the film was not 
changed, dairy unit personnel-maintained the bulbs for 
the lighting. 
16. The camera was permitted to operate undisturbed for three 
days (72 hours). The unit was disturbed only if trouble 
was suspected. 
In the case of the initial installation of the filming unit, 
steps 1, 2, 3, and 5 were omitted. Step Sa was added before step 6. 
Sao The box was held in the proposed position and three 
5/16" holes were drilled through the box side, a 2"x4" 
board spacer, and the outside shed wall. The 5/16" 
carriage bolts were driven through the wall and spacer 
from outside the shed, and nuts and washers were applied 
to hold the box in place. 
After the final film was exposed, steps 1, 2, and 3 were 
completed, and box and clock were removed from the shed. 
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The procedure for extracting data from the films, without going 
into the data analysis, was as follows: 
1. The processed film was threaded through the reader. 
2. The unit was turned on, clearly focused, and the film 
advanced until the beginning of the first complete hour 
was shown on the clock. This was the starting point for 
the analysis of the film. 
3. The film was advanced, one frame at a time, with each frame 
examined. At the quarter hou�s (15-minute intervals) the 
frames were examined and data recorded. 
4. When the film had been examined completely, it was rewound 
on the original reel and removed from the reader. 
The pictures of Figures 14B, 15B, 16, 17, 18, and 19 were made 
directly from the 16 nun. test films. These 35 nnn. pictures were 
taken with the unit shown in Figure 20 (Appendix) . The grainy 
appearance of the pictures was due to the great enlargement of 16 nun. 
original pictures. 
A 
B 
Figure 14. Photography Equipment Box in Position 
in Southeast Corner of Shed (A) and 
View Through Camera from This Position (B) 
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A 
B 
Figure 15. Photography Equipment Box in Position 
in Southwest Corner of Shed (A) and 
View Through Camera from This Position (B) 
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PRESENTATION AND ANALYSIS OF DATA 
The desired information-from the films was extracted in two 
different forms. The first of these was a count of "new occupants" 
in the stalls. One "new occupant" was counted each time a calf lay 
down in a stall after it had all four feet out of the stall. The 
pictures in Figure 16 show a "new os.cupant. " 
The second type of data obtained was called "continuous 
occupancy. " This was a tally of the amount of time a stall was 
occupied expressed to the nearest 25%. "Continuous occupancy" 
started with a "new occupantrr and continued until the calf had risen 
and placed all four feet on the alley floor out of the stall. The 
loss of an occupant is shown in pictures A, B, and C of Figure 17. 
As further definition, Figure 17 shows a change of occupant. 
This change constituted a loss of one occupant plus the addition of 
a nnew occupant. " If this change was accomplished between readings 
{explained below), "continuous occupancy" was not broken. 
Somewhat similar to the change of occupant was the situation 
in which an occupant ·rose in the stall without removing all four 
feet from the stall and lay back down in the same stall. In that 
case there was no change of occupant (no "new occupant") , and 
"continuous occupancy" was not interrupted. This is illustrated in 
Figure 18. 
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A. Stall Empty 
B. Calf Entering Stall 
Figure 16. New Occupant in Stall 8 
C. Calf Lying in Stall 
Figure 16 . (Continued) 
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A. Calf Lying in Stall 
B. Calf Standing in Stall 
Figure 17. Change of Occupant in Stall 3 
C e  Calf Out of Stall 
D. New Calf Standing in Stall 
Figure 17.  (Continued) 
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E .  New Calf Lying in Stall 
Figure 17. (Continued) 
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A. Calf Lying in Stall 
B . Calf Standing in Stall 
Figure 18. No New Occupant in Stall 10 
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C. Calf Lying in Stall 
Figure 18. {Continued) 
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Data recordings were made from the films at 15-minute intervals, 
as determined from the clock photographed. Individual frames were 
examined to detect "new occupants" and the number of these "new 
occupants" was totaled and recorded at the next quarter hour. If a 
stall was occupied at the end of a quarter hour, it was recorded as 
a 25% "continuous occupancy" for that fifteen-minute period . If a 
. stall was occupied during part of the quarter hour but was unoccupied 
when the reading was made at the end of that period, the stal l  was 
considered empty the entire quarter hour, with the fol lowing 
exception. The only time a stall was considered occupied for the 
quarter hour while empty at the end of the period was in the case 
of a ''new occupant" vacating during its initial quarter hour of 
occupancy . Each "new occupant" was automatically considered a 
"continuous occupancy" for 25% of one hour (the quarter hour in 
which it appeared) . 
The basic time unit for the statistical analysis of data was 
one hour. Data for the fifteen-minute �eriods were added and 
presented as a total for the following hour . As an example, data 
for the quarters 7 : 15, 7 : 30, 7 : 45, and 8 : 00 were presented as a 
total for the hour 7 : 00 to 8 : 00 under the time 8 : 00 .  
The expected number of rrnew occupants" was arbitrarily set at 
one per hour, and the expected "continuous occupancy" was one 
hundred percent per hour . It was possible to have more than one 
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"new occupant" per hour, but multiple cases were analyzed as 
multiple hours with one "new occupant" per hour. Thus an hour with 
two unew occupants" was analyzed as two observed hours with one 
"new occupant" per hour. 
The data were punched on cards and sorted on the electronic 
computer to form frequency tables . These are summarized in Tables 
X ,  XI , XI� , and XIII (Appendix) . The day was divided into four 
periods for these frequency tables to provide numbers large enough 
to facilitate analysis. The periods were 1 (3 a. m. - 9 a. m. ) ,  2 
(9 a. m. - 3 p. m. ) ,  3 (3 p. m. - 9 p. m. ) ,  and 4 (9 p. m. - 3 a. m. ) .  
The tables include all of the films. The last line gives the total 
number of one-hour increments in that period over the entire study. 
The data were analyzed using the Chi-Square method. The Chi­
Squares tables for the different test variables are presented in 
Tables I through VIII. Tables I, III, V, and VII are based on the 
number of "new occupants, " and Tables II, IV, VI, and VIII are based 
on hours of "continuous occupancy. " Tb.ese tables include the observed 
occupied numbers and times and the calculated expected occupied 
numbers and times. The results of the Chi-Square analysis are 
presented in Table IX. 
Analysis of the test films revealed that stalls 5, 6, and 7 on 
side two (east) were used noticeably less than the surrounding 
stalls. Examination of the shed showed that the roof ridge vent, 
shown in Figure 1, was probably drawing air under stalls 6 and 7 
on side two, up the inside of the - wall between the two center-most 
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Table I. 
Chi-Square Table for Stal l Width Based on New Occupants (Side One) 
Stall Number of New OccuEants Total Number 
Width OccuEied Vacant of New 
Observed Expected Observed Expected Occupants 
18 60.00 , .  1504. 00 1564. 00 
235. 20 1328. 80 
22 203.00 970 . 00 1173. 00 
176 -. 40 996. 60 
26 325. 00 848. 00 1173. 00 
176.40 996. 60 
Total 588. 00 3322. 00 3910 . 00 
22 203. 00 970.00 1173. 00 
264. 00 909. 00 
26 325. 00 848. 00 1173. 00 
264. 00 909. 00 
Total 528. 00 1818. 00 2346. 00 
18 60. 00 1504. 0Q 1564. 00 
235. 20 1328. 80 
22, 26 528. 00 1818 . 00 2346.00 
352. 80 1993. 20 
Total 588. 00 3322 . 00 3910. 00 
Stall 
Width 
18 
22 
26 
Total 
22 
26 
Total 
18 
22, 26 
Total 
Table II . 
Chi-Square Table for Stall Width Based on 
Continuous Occupancy (Side One) 
Number of Hours 
OccuEied Vacant 
Observed Expected Observed Expected 
.104. 25 1459 . 75 
406.10 1157.90 
330. 50 842. 50 
304. 58 868.42 
580. 50 592. 50 
304. 58 868.42 
1015. 25 2894. 75  
330. 50 842. 50 
455. 50 717. 50 
580. 50 592. 50 
455. 50 717. 50 
911. 00 1435. 00 
104. 25 1459. 75  
406.10 1157.90 
911. 00 1435. 00 
609. 15 1736 . 85 
1015. 25 2894. 75 
49 
Number of 
Hours Under 
Observation 
1564. 00 
1173. 00 
117 3. 00 
3910. 00 
117 3. 00 
117 3. 00 
2346. 00 
1564. 00 
2346. 00 
3910. 00 
50 
Table III. 
Chi-Square Table · for Stall Floor Based on New Occupants {Side Two) 
Stall 
Floor 
Screen 
Slat 
Total 
Stall 
Floor 
Screen 
Slat 
Total 
Number of New OccuEants Total Number 
OccuEied Vacant 
Observed Expected Observed Expected 
590 . 00 1360. 00 
571. 88 1378.12 
325. 00 845. 00 
343.12 826.88 
9 15 .00 2205.00 
Table IV. 
Chi-Square Table for Stall Floor Based on 
Continuous Occupancy {Side Two) 
Number of Hours 
OccuEied Vacant 
Observed Expected Observed Expected 
117 3. 75  776. 25 
1061. 41 888. 59 
524 . 50 645. 50 
636. 84 533.16 
1698 . 25 1421. 75  
of New 
Occupants 
1950. 00 
1170. 00 
3120. 00 
Number of 
Hours Under 
Observation 
1950. 00 
1170 . 00 
3120 . 00 
Stall 
Groups 
Analyzed 
2 , 3 , 4  
5 ,6 , 7  
8 , 9 , 10 
Total 
2 ,3 , 4  
5 , 6 , 7 
Total 
2 , 3 , 4 , 5 ,  
6 , 7  
8 , 9 , 10 
Total 
Table V. 
Chi-Square Table for Position Factor Based 
on New Occupants (Side One) 
Number of New Occueants 
OccuEied Vacant 
Observed Expected Observed Expected 
176 . 00 997 . 00 
194 . 33 978 . 6 7  
213 . 00 960 . 00 
194 . 33 978 .67  
194 . 00 979 . 00 
194 . 33 978 .67  
583 . 00 2936 .00 
176 . 00 997 . 00 
194 . 50 978 . 50 
213 . 00 960 . 00 
194 . 50 978 . 50 
389 . 00 1957 . 00 
389 . 00 1957 . 00 
388 .67  1957 . 33 
194. 00 979 . 00 
194 . 33 978 .67  
583 . 00 2936 . 00 
5 1  
Total Number 
of New 
Occupants 
1 173 . 00 
1 173 . 00 
1 173 . 00 
3519. 00 
1 173 . 00 
1 173. 00 
2346 . 00 
2346. 00 
1 173 . 00 
3519. 00 
Stall 
Groups 
Analyzed 
2 ,3 ,4  
5 ,6 , 7  
8 , 9 , 10 
Total 
2 , 3 , 4  
5 , 6 , 7  
Total 
2 ,3 , 4 , 5 ,  
6 , 7  
8 , 9 , 10 
Total 
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Table VI . 
Chi-Square Table for Position Factor Based on 
Continuous Occupancy (Side One) 
Number of Hours Number of 
OccuEied Vacant Hours Under 
Observed Expected Observed Expected Observation 
30 1 . 00 872 . 00 1173 . 00 
336 . 25 836 . 75 
363 . 25 809 . 75 1173 . oo 
336 . 25 836 . 75 
344 . 50 828 . 50 1173 . 00 
336 . 25 836 . 75 
1008 . 75 2510 . 25 35 19 . 00 
301 . 00 872 . 00 1173 . 00 
332 . 13 840 . 87 
363 . 25 809 . 75 1173 . 00 
332 . 13 840 . 87 
664 . 25 1681 . 75 2346 . 00 
664 . 25 1681 . 75 2346 . 00 
672 . 50 1673 . 50 
344 . 50 828 . 50 1173 . 00 
336 . 25 836 . 75 
1008 . 75 2510 . 25 3519 . 00 
Time 
Period 
2 
4 
Total 
Time 
Period 
2 
4 
Total 
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Table VII. 
Chi-Square Table for Time Periods Based on 
New Occupants · (All Stalls) 
Number of New OccuEants 
Occu:eied Vacant 
Observed Expected Observed Expected 
211. 00 1445. 00 
333 . 16 1322 . 84 
502. 00 1386. 00 
379 . 84 1508. 16 
7 13 . 00 2831. 00 
Table VIII. 
Chi-Square Table for Time Periods Based on 
Continuous Occupancy (All Stalls) 
Number of Hours 
OccuEied Vacant 
Observed Expected Observed Expected 
261. 25 1394. 75  
592. 03 1063 . 97 
1005. 75  882. 25 
674. 97 1213. 03 
1267 . 00 2277 . 00 
Total Ntnnber 
of New 
Occupants 
1656 . 00 
1888 . 00 
3544. 00 
Number of 
Hours Under 
Observation 
1656. 00 
1888. 00 
3544. 00 
Table IX. Chi-Square Values for New Occupants and Continuous Occupancy 
Degrees 
--- - - -- --�--- - - -
Comparison Stalls Side of New Continuous 
Freedom Occupants Occupancy 
Stall Width 1 ,  4 , 7 ,  10 vs. 2 ,  5 ,  8 vs .  3 ,  6 ,  9 1 2 305. 67* 644 . 70** 
3 , 6 , 9 vs . 2 , 5 , 8 1 36. 38** 112.16* 
(3 , 6 ,  9 plus 2 ,  5 ,  8) vs. 1 ,  4 , 7, 10 · 1 256. 01** 505. 09** 
Stall Floor 1 ,  2 ,  3 ,  4 ,  5 vs . 8 , 9 , 10 2 1 2.16 69. 58** 
Position Factor 2 , 3 ,  4 vs. 5 ,  6 , 7 vs. 8 ,  9 , 10 1 2 
I 
4. 22 8. 51* 
2 , 3 , 4 vs • � , 6 , 7 1 4. 22* 8.14* 
(2 ,  3 ,  4 plus 5 , 6 , 7) vs. 8 ,  9 ,  10 1 0. 00 0. 43 
Time Periods All Both 1 105. 25** 539. 95** 
(2 vs. 4) 
* Significant at the five-percent level 
**Significant at the one-percent level 
V, � 
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A 
Figure 19. Sequence from Test Films at Fifteen Minute Intervals 
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C 
Figure 19. (Continued) 
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E 
Figure 19. {Continued) 
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DISCUSSION OF RESULTS 
Table I indicates a large difference in the number of "new 
occupants'  in the various size stalls. There is a similar difference 
in the number of hours of "continuous occupancy" in Table II. In 
both tables there is a definite trend by the calves to use the larger 
stalls . The difference in the numbers of "new occupants" and of hours 
o f  "continuous occupancy" is shown in Table IX to be significant 
between 22 " and 26" stalls with 26" stalls used more . The 22" and 
26" stalls together were used significantly more than the 18" stalls . 
Tables I and I I  also show the above difference in the ratios of 
the "occupied" : "vacant" colunms. The 18" stalls had an "occupied" :  
"vacant" ratio of about 1 : 25 according to Table I and about 1 : 15 
according to Table II. For the 22" stalls the ratios were 1 : 4  and 
1 : 2 according to Tables I and II, respectively. The 2-6"  stalls 
showed ratio values of 1 : 2 from Table I and 1 : 1 from Table II. 
According to Table II and Table IX ,  there was no significant 
difference in usage between screen and slat floors, based on "new 
occupants . "  The stalls with both floor variables had an "occupied" : 
"vacant" ratio of about 1 : 2. The "continuous occupancy" data in 
Table IV, however, contain a difference between expanded steel 
screen and l"x4" wood slats. This is shown in Table IX to indicate 
that screen floors were used by the calves more readily than were 
slat floors. The "continuous occupancy" data were considered to be 
more acceptable, so the difference is significant. Table
 IV shows 
one of the few times during this study that stalls were occupied 
more than they were vacant . This was true for screen floor where 
the "occupied" : "vacant" ratio was greater than 3 : 2 . Slat-floored 
stalls had a ratio of approximately 4 : 5. 
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The effect of the location of the stalls in the barn is checked 
in Table V, based on number of "new occupants . "  In only one comparison 
is the difference significant (Table IX) . This is in the comparison 
of the two center groups of three stalls (2, 3, 4 versus 5, 6, 7) . 
The difference, significant at the 5% level, is sufficient to make 
the data and results for the stall floor variables subject to doubts 
of their validity . A comparison of the two center groups of three 
stalls in Table VI and Table IX indicates that a serious position 
factor does exist on side two of the shed . The interference of 
uncontrolled variables is sufficient to invalidate any conclusions 
about stall floors from this study . 
Tables VII and VIII show that stall usage was greater during 
time period 4 (9 p . m .  _- 3 a. m . )  than during period 2 (9 a . m .  - 3 p . m . ) . 
The values of Chi-Square in Table IX indicate that a time period 
should not be omitted from studies of this nature . Projection of 
data over omitted periods would not be reliable . 
All tables, including the data tables in the Appendix , show 
· b d " t "  d differences in results between data ase on new occupan s an 
data based on "continuous occupancy . "  Since "continuous occupancy" 
is believed to give the more reliable results, continued studies 
involving "new occupants" would be needless except to indicate the 
start of ncontinuous occupancy. " 
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CONCLUSIONS 
The following conclusions were drawn from this investigation : 
1 .  Calves preferred to lie in the free stalls instead of in 
the alley. Calves used all of the free stalls in the shed 
(from Tables I through VIII) . 
2. Calves preferred the 26u stalls (from Table II, 580 .50 
hours) over the 22" stalls (from Table II, 330.50 hours). 
Calves preferred the 22" and 26" stalls over the 18 " stalls 
(from Table IX, Chi-Square = · 505 . 09 for 22" + 26u versus 18 ") . 
3. The data obtained appeared to indicate that calves preferred 
expanded steel screen stall floor to l"x4" wood slat floor 
(from Table IX, Chi-Square = 69.58) ; however, the Chi-Square 
check for a position effect showed that the data from the 
stall-floor study were highly dependent on location of stalls 
within the calf shed (from Table IX, Chi-Square = 8 . 14 for 
stalls 2, 3 and 4 versus stalls 5, 6 and 7) . Therefore, 
further research should be done with randomly distributed 
stall-floor variables . 
4. The position factor in Conclusion 3 did not affect the stall 
size results due to the varied location along Side One of 
the different width stalls (from Figure 1) . 
5. All time periods should be included in future studies . 
Statistical analysis revealed that occupancy was highly 
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significant in all time periods (from Table IX, Chi-Square = 
539. 95 for Period 2 versus Period 4) . 
6. The photographic arrangement used provided an effective 
means of monitoring animal behavior over long periods 
of time. 
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SUMMARY 
Sunnnary of This Study 
Various free stalls were observed using time-lapse photography 
to determine the amount of utilization by dairy calves. The test 
films were evaluated on the basis of the number of "new occupants" 
and the length of "continuous occupancy. " The latter was considered 
to give the more accurate indication of use; therefore, it was 
predominate in case of disagreement between results from "new 
occupants" and results from "continuous occupancy. " Equipment 
limitations prevented observation of all stalls; consequently, only 
ten stalls on one side of the shed could be observed at any one time . 
Observed sides were alternated with each change of film. 
The Chi-Square analysis values in Table IX showed that the 
calves preferred stall widths of 26", 22", and 18", in that order, 
with the 18" stalls being used significantly less than the other two. 
A significant difference in use was also shown between the larger 
two stalls. 
Screen-floored stalls were used significantly more than the 
slat-floored stalls, according to Table IX .  This table also shows 
that the amount of utilization of the free stalls was influenced by 
the location of the stalls within the calf shed . This effect 
prevented specific reconnnendations of stall floor types . 
The values in Table IX indicate there was significant difference 
in the amount of use of the stalls from one period of the day to 
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another . The stalls were used significantly more between 9 p . m. 
and 3 a . m . than petween 9 a . m .  and 3 p . m . Projection of data into 
time periods omitted from the test films should not be considered 
reliable ; therefore, tests similar to this study should include 
complete days (24 hours) in the films to provide valid data for 
that length of time . 
Recommendations for Future Studies 
The following suggestions should be considered in planning 
further studies involving time-lapse photography of free stall 
dairy calf housing . 
1 .  Camera limitations prevented comparison of slat stall 
floors and screen stall floors with sand-sawdust stall 
floors ; therefore , future studies should insure that 
all stall variables to be compared are randomly distributed 
within the viewing angle of the camera used . 
2 .  Since the calves preferred the largest stall available, 
an investigation should be made to determine the largest 
practical free stall that the calves would prefer . 
3. The use of infrared lighting should be considered in 
future studies. A lighting system would have to be 
developed and tested to see whether or not it altered 
animal behavior . 
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SAMPLE CALCUIATIONS 
Chi-Square Tables 
The figures shown in Tables I through VIII are based on data 
found in Tables X ,  XI , XII and XIII. The former eight tables are 
developed as follows with Table I used as an example . The information 
in Table I comes from Table X .  
Step 1 .  The "Occupied'r-"Observed" values are calculated by 
sunnning the. applicable information for the considered 
variable (in this sample case, 18" stall width) from 
the "Total" column of Table X .  
Step 2 .  The "Total Number of New Occupants, " N, is found by 
multiplying the sum of the values in the "Number of 
Hours Observed" line in Table X by the number of 
stalls considered to . be examples of the ·variable 
studied . 
N = (90 + 88 + 105 + 108) x 4 
N = 1564 New Occupants 
Step 3 .  The ''Vacant"-r'observed" values are found as the 
difference between the "Total Number of New Occupants" 
and "Occupied"-"Observed" values . 
Step 4 .  The "Expected" values, E, are found by multiplying 
adjacent colunmar "Observed" totals by the ratio of 
"Total Nwnber of New Occupants" divided by the total 
of the "Total Number of New Occupantsu column. For 
the 18" stall (Occupied) , this is done as follows : 
E = (nObserved" colunm total) x 
E = 
E • 
Chi-Square Total Values 
("Total Number of New Occupants") 
1:("Total Number of New Occupants") 
588 00 X 1564 . 00 • 3910. 00 
2 35 . 20 New Occupants 
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The Chi-Square values in Table IX are found using the "Observed" 
and "Expected" values from the appropriate Table of the group, 
Tables I through VIII. An example of the procedure used to calculate 
the total Chi-Square for the stall width comparison (side one) , 
stalls 1 ,  4, 7 and 10 versus stalls 2, 5 and 8 versus stalls 3, 6 
and 9 ,  is presented below : 
Step 1 .  Calculate the partial Chi-Square values for each 
pair· of "Observed" and "Expected" values from the 
appropriate one of the first eight tables by 
means of the following formula : 
2 
Xp 
= (Observed - Expected)
2 
Expected 
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Where : 2 Partial Chi-Square 
X 
P 
= 
2 (60. 00 - 235. 20) 2 
X 
P 
· = 
235. 20 
2 130.5 1 X 
P 
= 
Step 2. Calculate the total Chi-Square values in Table IX by 
means of the following formula : 
2 
= r
x 2 X p 
2 
X 
= (Observed - Expected} 2 
. Expected 
x
2 
= 130.51  + 23. 10 + 0. 7 1  + 4. 0 1  
22. 16 + 125. 18 
2 
X = 305 . 67 
+ 
Table X. Frequency Table of New Occupants (Side One) 
Number of New Occupants 
Stall 
Number 3 am 9 am 3 pm 9 pm 
to to to to 
9 am 3 pm 9 pm 3 am 
1 2 0 1 2 
2 24 14 33 38 
3 12 4 16 27  
4 2 0 2 4 
5 21 17 48 50 
6 12 5 16 27 
7 4 1 3 9 
8 14 8 30 28 
9 22 6 27 29 
10 8 1 4 17 
Total 121 56 180 231 
Number of 
Hours 90 88 105 108 
Observed 
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Total 
5 
109 
59 
8 
136 
60 
17 
80 
84 
30 
588 
391 
7 3  
Table XI . Frequency Table of New Occupants (Side Two) 
Number of New Occupants 
Stall Total 
Number 3 am 9 am 3 pm 9 pm 
to to to to 
9 am 3 pm 9 pm 3 am 
1 18 28 36 35 117 
2 26 22 45 26 119 
3 23 25 45 39 132 
4 23 32 51 40 146 
5 1 1  2 33 30 76 
6 13 3 21 22 59 
7 17 8 28 22 75  
8 18 11  35 35 99 
9 19 13 50 35 117 
10 17 22 39 31 109 
Total 185 166 383 315 1049 
Adjusted 
Total* 155 155 334 271 915 
Number of 
Hours 87 97 105 101 390 
Observed 
*Adjusted Total excludes data from lines 6 and 7 because Number of 
New Occupants was affected by the position of the building ridge 
vent . 
Table XII . Frequency Table of Continuous Occupancy (Side One) 
Time Period Total 
2 3 4 Number 
Stall Frequency of Frequency of Frequency of Frequency of 
Stall Use Stall Use Stall Use Stall Use of 
Number Percent of Percent of Percent of Percent of 
Hour Occupied Hour Occupied Hour Occupied Hour Occupied Hours 
100% 7 5% 50% 25% 100% 75% 50% 25% . 100% 75% 50% 25% 100% 75% 50% 25% OccuEied 
1 1 1 2 0 0 0 0 0 1 1 0 0 1 1 0 1 6. 50 
2 48 9 11 4 7 5 5 4 34 12 7 7 56 17  8 5 197. 75  
3 22  7 3 8 0 2 2 3 9 8 5 3 25 9 9 5 89. 75 
4 2 2 0 1 0 0 0 0 2 0 0 3 5 2 ' 0 2 13 . 50 
5 50 6 5 6 7 6 8 4 42 2 1  10 3 76 13 10 3 230. 00 
6 23 7 8 3 4 1 3 1 15  5 6 7 28 9 14 6 106 . 25 
7 7 4 1 3 2 0 0 1 1 1 1 1 6 5 1 3 27 . 00 
8 31  7 5 6 7 2 2 2 30 6 10 10 49 8 7 8 152. 75 
9 28 12 8 7 3 3 2 2 19 10 8 9 35 10 15  5 134 . 50 
10 16 4 3 3 0 0 1 1 9 1 3 0 14 9 5 3 57 . 25 
Number of 
Hours 
Observed 90 88 105 108 
Table XIII. Frequency Table of Continuous Occupancy (Side Two) 
Time Period Total 
1 2 3 4 Number 
Stall Frequency of Frequency of Frequency of Frequency of 
S.tall Use Stall  Use Stall Use Stall Use of 
Number Percent of Percent of Percent of Percent of 
Hour Occupied Hour Occupied Hour Occupied Hour Occupied Hou·rs 
100% 75% 50% 25% 100% 75% 50% 25% 100% 75% 50% 25% 
---
100% 75% 50% _25% Occupied 
1 58 9 6 4 2 1  9 15 4 52 13 10 8 85 15 1 0 265 . 50 
2 48 10 9 3 13 6 6 1 1  54 14 3 11 75 7 11 2 239. 00 
3 58 7 2 5 2 6  6 11 9 63 14 9 6 78 17  1 3 275 . 25 
4 53 1 1  4 6 26 8 1 1  8 53 17 15 3 76 16  3 4 268. 75  
5 27  8 6 5 3 0 2 0 18 10 7 5 35 16 10 7 125. 25 
6 20 5 11 5 2 1 3 1 14 6 9 6 25  8 8 9 96 . 75 
7 23 4 6 8 3 4 1 7 16 9 10 5 30 13 7 6 1 13 . 00 
8 26 10 3 7 4 3 9 4 20 9 13 12 29 12  14 7 131 . 50 
9 33 7 8 9 14 6 5 · 7  25 23 14 9 54 15  7 4 188 . 50 
10 34 10 9 3 14 6 12 3 43 12 13 4 60 13 6 1 204 . 50 
Number of 
Hours 
Observed 87 97 105 101 
Figure 20. Slide Duplicator Used to 
Photograph Figures 14B , 
15B , 16 , 17 , 18 and 19 
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